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NOISE  IN  SILVER  6"  ALUMINA  CERAMICS 

Steven  W.  Smith  and  James  J.  Brophy 


University  of  Utah 
Salt  Lake  City,  Utah  84112 


Voltage  fluctuations  at  ohmic  electrodes  to  silver  e"  alumina 
ceramic  samples  are  observed  both  at  contacts  and  in  the  bulk  over 
the  frequency  interval  10“^  to  10^  Hz.  Contact  noise  power  in 
the  absence  of  current  varies  as  f“^  at  low  frequencies  and  is 


dominated  by  Nyquist  noise  of  the  sample  at  frequencies  greater 
than  100  Hz.  Bulk  current  noise  measured  at  transverse  contacts 
has  a  f'3/2  power  spectrum  and  increases  with  the  square  of  the 
current.  Low-frequency  contact  noise,  sample  Nyquist  noise  and 
bulk  current  noise  are  all  thermally  activated  with  activation 


energies  of  -0.96,  0.14  and  0.61  eV,  respectively.  These 


experimental  results  are  very  similar  to  those  previously  reported 
for  sodium  6"  alumina  ceramics. 


1.  INTRODUCTION 

Electrical  noise  voltages  attributed  to 
diffusion  noise  of  the  mobile  ions  have 
been  observed  in  superionic  sodium  3"  alu¬ 
mina  ceramics*.  This  interpretation  leads 
to  conclusions  that  only  a  small  fraction 
of  the  mobile  ions  participate  in  the  noise 
process  and  that  the  granularity  does  not 
influence  the  diffusion  noise  magnitude. 
It  is  of  interest  to  examine  conductivity 
fluctuations  in  silver  6"  alumina  ceramics 
to  determine  the  influence  of  the  nature  of 
the  mobile  ions  on  the  noise  processes. 
This  study  is  facilitated  by  the  ease  with 
which  the  mobile  ions  can  be  exchanged  in 
the  6"  alumina  structure^. 
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2.  EXPERIMENTAL  PROCEDURE 

Commercial  sodium  6"  alumina  ceramic  (90.4% 
AI2O3,  8.85%  Na20  ,  0.75%  L^O)  specimens®, 
1x1x0. 3  cm®,  are  converted  to  silver  e" 
alumina  by  ion  exchange  in  molten  50% 
AgN03/NaN03  at  300°  C  for  8  hours.  Weight 
change  of  the  samples  indicates  98%  of  the 
mobile  sodium  ions  are  replaced  by  silver 
ions.  Ohmic  contacts  are  5-M  AgN03  solu¬ 
tion  in  water  or  0.05-M  glycerin.  Silver 
amalgam  contacts  are  ohmic,  but  have  very 
high  resistance^.  The  corners  of  the 
sample  are  sealed  into  the  sides  of  four 
plastic  test  tubes  containing  the  liquid 
electrode  material  to  provide  diagonally 
opposing  corner  current  terminals  and 
transverse  noise  contacts.  This  is  essen¬ 
tially  the  same  configuration  used  to  study 
sodium  6"  alumina  ceramics^-. 

The  transverse  noise  contacts  are  connected 
to  the  input  of  a  PAR  113  preamplifier. 
Digital  analysis  of  the  preamplifier  output 
is  accomplished  using  A/D  conversion  and  a 
FFT  program  developed  for  the  Apple  lie 
personal  computer®.  The  system  operates 
over  the  frequency  interval  10_<5  to  104  Hz 
and  is  calibrated  using  the  Nyquist  noise 
of  resistances  ranging  from  104  to  2x10® 
ohm.  Sample  current  terminals  are  con¬ 
nected  to  a  filtered  battery  source  through 
a  10®  ohm  noiseless  series  resistor. 
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3.  NOISE  RESULTS 

Typical  noise  spectra.  Figure  1,  show  con- 


■  L  ongitvc  nc-  cc^'ccfs 


Figure  1.  Noise  spectra  of  silver  e" 
alumina  ceramic. 

tact  noise^  in  the  absence  of  current  and 
current  noise  characterized  by  an  f-l*5 
trend.  The  slopes  of  the  spectra  tend  to 
be  smaller,  at  low  currents.  At 

high  frequencies  the  observed  noise  is 
accounted  for  by  Nyquist  noise  of  the 
sample  resistance  calculated  from  the 
linear  current-voltage  characteristic.  In 
general,  all  three  noise  properties  are 
very  similar  to  sodium  £"  alumina^.  The 
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range  of  current  noise  magnitudes  exhibited 
by  the  silver  samples  overlap  those  of  the 
sodium  conductors  while  the  Nyquist  noise 
level  is  greater,  in  agreement  with  the 
greater  resistivity  of  silver  g"  alumina^. 
Similarly,  contact  noise  levels  tend  to  be 
greater,  although  still  sufficiently  low  to 
permit  reliable  current  noise  measurements. 

The  contact  noise  levels  of  aqueous  and 
glycerin  solutions  are  identical  after  each 
ages  for  several  hours.  Both  contact 
materials  exhibit  noise  levels  in  excess  of 
the  2x10**  ohm  preamplifier  input  resistance 
Nyquist  noise  at  frequencies  below  10~*  Hz 
and  the  spectral  shapes  are  near  f'2. 
These  characteristics  are  attributed  to 
non-equilibrium  chemical  reaction  noise  at 
the  sample-electrode  interface6.  Since 
both  electrode  solutions  have  the  same 
noise  level,  chemical  contact  noise  must  be 
associated  with  the  mobile  silver  ions. 

Current  noise  in  silver  g"  alumina  is  much 
more  stable  with  respect  to  time  and 
current  than  is  the  case  for  sodium  g"  spe¬ 
cimens.  Relatively  minor  changes  attribu¬ 
table  to  electrochemical  effects*  are 
observed.  Also,  transverse  and  longitud¬ 
inal  (two-terminal)  noise  levels  are  the 
same  for  low-noise  contacts.  This  means 
that  contact  current  noise  levels  are  small 
compared  to  bulk  conductivity  fluctuations. 


Both  the  stability  and  the  absence  of  con¬ 
tact  current  noise  suggest  that  silver  b" 
alumina  is  a  better  material  than  sodium  s" 
alumina  to  use  in  the  study  of  noise  in 
superionic  conductors. 

A  few  samples  inadvertently  heated  to  high 
temperatures  (800°C)  for  several  hours 
experienced  an  increase  in  resistivity  of 
four  to  five  times,  together  with  a 
darkening  of  the  surface.  This  behavior 
has  been  previously  reported7,  but  no 
chemical  or  structural  change  has  been 
detected  to  account  for  the  increase  in 
resistivity.  Noise  properties  of  such 
"darkened"  samples  are  not  noticeably  dif¬ 
ferent  from  normal  specimens,  although  the 
temperature  dependence  changes  somewhat. 

As  in  the  case  of  sodium  6"  alumina,  the 
various  noise  processes  are  thermally  acti¬ 
vated,  Figure  2.  The  activation  energy  for 
Nyquist  noise  of  the  normal  sample  is  a 
little  lower  than  literature  values^*7,  but 
the  increase  upon  darkening  is  consistent 
with  conductivity  data7.  The  current  noise 
activation  energy  is  about  one-half  of  that 
for  sodium  e"  alumina,  while  the  activation 
energy  for  contact  noise  is  significantly 
greater.  This  is  consistent  with  the 
greater  contact  noise  level  of  silver  ?" 
alumina  and  a  thermally-activated  chemical 


io3/t  in  °K~' 

Figure  2.  Temperature  dependence  of 

Nyqyist  noise  (OyA,  5  kHz)  current  noise 
(150uA,  10  Hz),  and  contact  noise 
(OuA,  10  Hz)  of  normal  and  darkened  silver 
P"  alumina  ceramic. 

4.  DISCUSSION 

As  in  the  case  of  sodium  f"  alumina  cer¬ 
amics.  the  f"l-s  spectral  shape  suggests 
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to 
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diffusion  noise,  for  which  the  noise 
voltage  spectral  density  can  be  written  as® 

S(V,f)  =  4  <^2>  f  dV^  ,-3/2  (1 

V2  N  \2L2/ 

where  V  is  the  dc  voltage  across  the 

sample,  <aN2>  and  N  are  the  variance  and 
average  number  of  diffusing  ions,  D  is  the 
diffusion  constant,  L  is  a  characteristic 
length,  and  is  the  angular  frequency. 
This  expression  is  valid  above  a  charac¬ 
teristic  frequency  , 

=  2D/L2  (2) 

Below  ufc  the  spectrum  flattens,  becoming 
constant  in  the  case  of  diffusion  in  three 
dimensi ons . 

Taking  0=10"®  cm2/sec  at  room 
temperature2’®,  the  turnover  frequency 
calculated  from  Equation  2  is  equal  to 
3x10"®  Hz  if  L  is  the  sample  length  and 
1.3x10"*  Hz  if  L  is  equal  to  the  average 
gain  size9,  5x10"^  cm.  No  departure  from 
the  f"!*®  trend  is  noticed  down  to  10"®  Hz, 
so  that  if  appears  that  the  granular  struc¬ 
ture  does  not  influence  the  diffusion 
noise.  This  is  consistent  with  data  from 
sodium  0"  alumina  ceramics!* 
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As  in  the  case  of  sodium  B“  alumina1* 
observed  noise  levels  are  very  much  larger 
than  those  predicted  by  Equation  1. 
Furthermore,  the  activation  energy  seen  in 
Figure  2  is  greater  than  can  be  accounted 
for  by  Equation  1,  unless  the  number  of 
diffusing  ions  is  thermally  activated. 
This  approach  leads  to  satisfactory  numeri¬ 
cal  agreement  in  the  case  of  sodium  b" 
alumina1’  but  does  not  aPPear  t0  aPP^  t0 
silver  B"  alumina. 

5.  CONCLUSIONS 

These  experimental  results  show  that  con¬ 
ductivity  fluctuations  in  silver  B"  alumina 
ceramics  are  very  similar  to  those  pre¬ 
viously  observed  in  sodium  B"  alumina. 
The  spectral  shape  suggests  diffusion  noise 
and  the  noise  does  not  appear  to  be 
influenced  by  the  granularity  of  the 
samples.  It  is  not  possible  to  account 
quantitati vely  for  the  observed  magnitude 
of  the  noise  by  assuming  that  the  active 
ion  density  is  thermally  activated,  as  in 
the  case  of  sodium  B"  alumina. 
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